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57 ABSTRACT 

A non recursive analog integrator providing Mintegra 
tions of a sampled analog signal Vn,m. The integrator 
comprises a series parallel demultiplexer with N out 
puts, N capacitors each with an electrode connected to 
afloating potential with respect to a reference potential, 
and a parallel series multiplexer with N inputs, the re 
spective capacitors being connected in parallel between 
the outputs of the demultiplexer and the inputs of the 
multiplexer. Each capacitor performs, at each integra 
tion, the summation in form of charges of the sample of 
corresponding rank of the sampled analog signal Vn,m. 
So, at the end of the M integrations, an analog signal 

X Vn, in 
n = 1n 

is obtained at the output of the multiplexer. Charge 
transfer devices serve as the series parallel demulti 
plexer and as the parallel series multiplexer. 

12 Claims, 12 Drawing Figures 
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NON-RECURSIVE ANALOG INTEGRATOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a non recursive ana 

log integrator, more especially an integrator using the 
charge transfer for integrating an analog signal sampled 
over M sequences. 

Integrators are generally used for processing analog 
signals which may be defined as a repetitive and slowly 
varying sequence, either for reducing the energy of the 
signal transmitted or for removing noise from the signal 
received. In fact, integration of these repetitive sequen 
ces improves the signal/noise ratio by a factor VM if 
the integration takes place over M sequences. Thus, 
integrators may for example be used for detecting the 
spectral lines of a recurrent spectrum at the output of an 
acoustic surface wave analyzer. 

2. Description of the Prior Art 
The integrators used for this type of processing may 

be digital or analog, recursive or non recursive integra 
tOS. 

Digital integrators have the drawback of requiring a 
very long processing time. Furthermore, the analog 
sampling frequency and the dynamics are limited by the 
input analog-digital converter. 
There also exist different types of recursive or non 

recursive analog integrators using charge transfer de 
vices. 
As shown schematically in FIG. 1, recursive analog 

integrators are generally formed by a charge transfer 
shift register 1 whose output signal S is relooped back to 
the input signal E to which it is added in the summator 
X. However, because of the deterioration of integration 
due to transfer inefficiency in the charge transfer regis 
ter 1, the relooping number is limited. Moreover, the 
heat generation of charges in register 1 causes rapid 
saturation of the register and is a factor of instability in 
the loop. 
As shown in FIG. 2, a non recursive analog integra 

tor is formed essentially by Ncharge transfer shift regis 
ters R1,R2 . . . RN, with a series input and parallel out 
put, each register comprising M stages for integrating 
the Msamples of rank n (n varying between 1 and N) of 
the input signal, the N registers R1, R2 . . . RN being 
connected between an input addressing register R4 and 
output addressing register RB successively addressing, 
by switching analog gates G 1, ... GN and G'1, ... G'N, 
the inputs or the outputs of the Nshift registers R1, R2, 
... RN for inputting first of all into the shift registers R1, 
R2, ... RNM times the sampled input signal E then for 
extracting an analog signal S corresponding to the sum 
of the inputted signals. However, the heat generation in 
shift registers of the charge transfer type limits the inte 
gration time. 

SUMMARY OF THE INVENTION 

The aim of the present invention is to overcome these 
disadvantages by proposing a non recursive analog 
integrator in which the heat generation at the integra 
tion sites is relatively small, which allows a high inte 
gration time. 
The present invention therefore provides anon recur 

sive analog integrator integrating a sampled analog 
signal Vnn over M sequences, comprising a series-par 
allel input demultiplexer for successively applying M 
times the sampled analog signal to N storage means 
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2 
connected in parallel to the input demultiplexer, each 
storage means providing summation in the form of 
charges, for the M sequences, of the sample of a rank 
corresponding to the analog signal of Vnn and further 
comprising a parallel-series output multiplexer con 
nected to the N storage means for outputting, at the end 
of the M sequences, an analog signal Xin-1. MVnn. 

In a preferred embodiment, the storage means are 
formed by capacitors with floating potential with re 
spect to a reference potential, the input demultiplexer is 
formed by a charge transfer shift register or CCD regis 
ter (charge coupled device) with series input and paral 
lel outputs and the output multiplexer by a CCD regis 
ter with parallel inputs and a series output. The use of 
two CCD registers as input demultiplexer and output 
multiplexer allows a high operating frequency to be 
provided for the integrator. In fact, the transfer of 
charges inside the output register to the reading stage 
takes place during at least a part of the following inte 
gration cycle. Furthermore, the transfer frequency in 
the output register may be relatively slow with respect 
to the transfer frequency in the input register. In fact, 
the relation between these two frequencies should be 

in which: 
FB is the transfer frequency of the output register, 
FA is the transfer frequency of the input register, and 
M is the number of sequences. 
Furthermore, since the charge which may be trans 

ferred by a CCD type shift register is limited (as 107 
electrons), the storage means or integration sites are 
preferably each formed by two floating potential MOS 
capacitors interconnected by an analog gate with, in 
addition, between the capacitors and the output shift 
register a routing device for sending the charges either 
to the output shift register or to a charge removal 

S. 

In another embodiment, the output multiplexer may 
be formed by analog gates connected respectively be 
tween each storage means and the reading stage, said 
gates being controlled successively by a pulse provided 
by an addressing register. In this case, however, reading 
of all the storage means must be carried out before the 
next integration begins at the level of said storage 
3S 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present inven 
tion will be clear from the following description of 
different embodiments of non recursive analog integra 
tors of the invention with reference to the accompany 
ing drawings in which: 
FIG. 1, already described, is a schematical view of a 

recursive analog integrator of the prior art, 
FIG. 2, already described, is a schematical view of a 

non recursive analog integrator of the prior art, 
FIG. 3 is a schematical view of a non recursive ana 

log integrator in accordance with the present invention, 
FIG. 4 is a schematical view of another embodiment 

of a non recursive analog integrator according to the 
present invention, 

FIG. 5 is a top view of one embodiment of a non 
recursive analog integrator according to the present 
invention, 
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FIGS. 6a to 6e are respectively a schematical sec 
tional view through VI-VI of FIG. 5 and diagrams 
showing the evolution of the surface potential as a func 
tion of time. 
FIGS. 7a and 7b are diagrams of the different control 5 

voltages applied to the integrator of FIG. 5. 
In the figures, the same elements bear the same refer 

ences. However, for the sake of clarity, the sizes and 
proportions of the different elements have not been 
respected. O 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIGS. 3 and 4 are general diagrams of two embodi 
ments of a non recursive analog integrator in accor- 15 
dance with the present invention. The integrators de 
scribed herebelow provide integration over M sequen 
ces, the resolution of each sequence being over N points 
for a time TA thus giving a sampled input analog signal 
Vnn with 20 
m= rank of the sequence 
n = rank of the sample in the sequence, 1snSN. 
The integrator of FIG. 3 comprises first of all a volt 

age-charge conversion stage 10 having a capacity 1/ce 
and transforming the sampled analog signal Vnn into a 
charge packet Qum. Stage 10 is followed by a charge 
transfer shift register A which receives the N charge 
packets corresponding to the N samples of a sequence. 
Register A is formed by a series of N transfer stages e1 
to eN each introducing the same delay TA which is given 
by the period of the potential applied to the electrodes 
providing the charge transfer. 
The delay TA is chosen so that: 

NTA =TA = the time of an input sequence. 35 

After each time TA there is obtained at the output of 
each stage of rank n (with lens N) a charge amount 
Qin correponding to the sample rank n of the input 
sequence considered. In FIG. 3, only the outputs of the 
N stages have been shown and the squares referenced T 
A symbolize the delay between the different stages. 

In accordance with the present invention, the output 
of each stage of the shift register A is connected to 
charge storage means formed by floating potential ca 
pacitors C, C2, ... CN, the operation of which will be 
described in more detail herebelow. Each capacitor Cl, 
C2, ... CN performs, for the whole of the M sequences, 
summation of the charges at the output of the corre 
sponding stage of register A. Thus, at the end of the M 0 
sequences, i.e. after a time MTA corresponding to an 
integration cycle, each capacity C of rank n (with n 
varying from 1 to N) contains a charge amount 

55 
Qin = X. 2nm. 

r 

The storage capacitors are connected to a single read 
ing stage through analog gates P1, P2, . . . PN whose 
closure is controlled by an addressing register RDA 60 
which cyclically feeds, at the end of an integration 
cycle, a logic level "b 1' to each output, the other out 
puts being at that time at the logic level "0". That al 
lows the charge amounts 

65 
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4. 
integrated in each capacity C, C2, . . . CN to be read 
successively and a sampled signal XnVnn to be ob 
tained at the output. A disadvantage of this integrator 
resides in the fact that the transfer of charges from 
register A into capacitors C, C2, ... CN can only be 
carried out when all the capacitors C, C2, ... CN have 
been read. Consequently, the reading time of the whole 
of the capacitors must be less than T.A. 
FIG. 4 shows a preferred embodiment of the present 

invention. In this embodiment, the input demultiplexer 
is identical to that of the integrator in FIG. 3. Conse 
quently, it will not be described again. The integrator of 
FIG. 4 differs from the integrator shown in FIG. 3 by 
the fact that the output multiplexer is also formed by a 
shift register B with charge transfer of CCD type. This 
shift register with parallel inputs and a series output 
comprises N transfer stages each introducing the same 
delay TB which is given by the period of the potential 
applied to the electrodes providing the charge transfer. 
As explained in more detail hereafter the delay TB is 
very often different from the delay ta. Each input of 
register B is connected to one of the capacitors C, C2, 
... CW through a passage gate, not shown. The output 
of register B is connected to a charge-voltage conver 
sion stage 11 having a capacity Cs. Furthermore, since 
the charge which may be transferred by a CCD register 
is limited, so as to be able to integrate a high charge 
amount, the storage means C, C2, . . . CN are each 
formed by two interconnected capacities C1, C12, ... 
C1N and C21, C22, CN whose dimensions have been 
selected so as to send only a fraction a of the charge 
samples or packets X.m.Qin, as will be explained in 
greater detail hereafter. 
With the integrator of FIG, 4, after integrating, for 

the time MTA, charge samples QIN=XmOnn on each 
capacitor C, C2, . . . CN, the whole of the samples 
aQIN are simultaneously transferred to the correspond 
ing stages of the output shift register B. During the 
beginning of a new integration in capacitors C, C2, ... 
CN, the output register B transfers the charge samples 
or packets axmOnn in series to the charge-voltage 
conversion stage which delivers a sampled output ana 
log signal XmV.n.m. 

In this case, the gain of the system is given by the 
following equation 

Furthermore, since the integration time over the M 
sequences is MTA, the duration of the output sequence 
must be: 

TBs MTA 

Consequently, the elementary delays TB of the output 
register B must be: 

It follows that the relative transfer frequency be 
tween the input and output registers must satisfy the 
following equation: 

A detailed embodiment of a non recursive analog 
integrator of the type of integrator shown in FIG. 4 will 
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now be described with reference to FIGS. 5 to 7. This 
integrator has been constructed in integrated form using 
the N MOS-CCD technology on a P type silicon sub 
strate. It is obvious for a man skilled in the art that this 
integrator may be formed on other substrates such as an 5 
N type silicon substrate, gallium arsenide substrate or 
similar. Similarly, the integrator may be formed in an N 
zone provided in the P substrate so as to effect volume 
charge transfer. Preferably, the integrator is entirely 
integrated on a single chip and even several integrators, 10 
identical or not, may be integrated on the same chip. 
However, an integrator in accordance with the inven 
tion may be envisaged formed of several interconnected 
parts. 
As shown in FIG. 5, the input demultiplexer is forme 15 

by a CCD type shift shift register A with two phase 
operation. In a way known per se, each stage of the 
register is formed by two electrode pairs each compris 
ing a transfer electrode and a storage electrode. Each 
electrode pair is connected to an AC control potential 20 
d14 and b24 and in phase opposition. Furthermore, the 
storage electrode of the electrode pair controlled by 
db24 is used as output and it is referenced G4 in FIG. 6a, 
The electrode G4 of each stage of the shift register A is 
separated from the charge storage means by a passage 25 
gate GP connected to a potential dbp. 
The storage means or integration sites comprise di 

odes D4, D42, ... DAN formed in a way known perse 
by an N type diffusion when the substrate is of type P. 
Each diode D4 is connected to a first capacitor C1N 30 
formed by the substrate, an insulating layer, preferably 
silicon oxide and a gate, preferably made from alumin 
ium or polycrystalline silicon. The first capacitors C1, 
C12, C1N are interconnected by MOS transistors TR, 
TR2, . . . TR1 to second capacities C21, C2, . . . CN 35 
formed like the first capacities. The gate of the MOS 
transistors TR is connected to a potential dR for dis 
abling or enabling said transistors. The second capaci 
tors C2, C2, ... C2N are connected to diodes Digl, DB2, 
DBN formed by an N type diffusion. 40 

Diodes DB' are connected to the inputs of the output 
multiplexer through a routing device. The routing de 
vice is formed for each storage means or integration site 
by two adjacent gates GL, GL controlled by the same 
potential dbl, GL located on an extra thickness of oxide 45 
so as to obtain chargelss channel potentials in stages 
under GL and GL, by an intermediate passage gate Go 
connected to a fixed potential Vo, by two transfer gates 
GT and GR provided on two sides of gate Go and sepa 
rating gates Go respectively from the multiplexer B and 50 
a discharge drain DR formed by an N type diffusion. 
Gate GT is connected to a potential db T, gate GR to a 
potential dbR. 
The output multiplexer B is fored by a two phase 

CCD type charge transfer shift register. This register 55 
has a structure identical to that of register A. 

It is controlled by phase opposition control potentials 
db1B and d2B. Furthermore, the storage electrode of the 
electrode pair controlled by d2B is used as input. It is 
referenced GB in FIG. 6a. 60 
The operation of the non recursive analog integrator 

shown in FIG. 5 will now be described with reference 
more particularly to FIGS. 6b to 6e and FIGS. 7a and 
7B. 
FIG. 7a shows the diagram with respect to time of 65 

the potentials d2A, bP, bR, bL, db Tand d2B applied to the 
different gates of the integrator during an integration 
cycle, i.e. during a time MTA. It can be seen, that, after 

6 
each time TA, there is a transfer of charges from regis 
ter. A to the storage capacitors. At the end of the total 
integration time, i.e. the time MTA, there is transfer to 
the shift register B. PFIG.7b shows on a large scale the 
diagram with respect to time of potentials bp, db R,dbL, 
and dT. This diagram corresponds to the part sur 
rounded by a dot-dash line in FIG. 7a. Thus, reference 
will be made more particularly to FIGS. 6a to 6e and 
FIG. 7b for explaining the operation of the integrator. 
Thus, during time t1, when each sequence m has been 

entirely introduced into the CCD register A and when 
the samples of rank n are on the storage electrodes GA 
at the level of the storage capacitors of the same rank, 
potential dbP passes to the high level. As shown in FIG. 
6b, the charge Qnn under GA is transferred to the stor 
age means and is divided between capacitors C1 and 
C2 interconnected by the transistor TR working as a 
triode, for the potential dR is at the high level. 
The sum of the charges arriving successively after M 

input sequences on the capacitors C1 and C2 is accom 
panied by a potential variation AV from an initial po 
tential Vin defined hereafter. 
At the end of integration, we have 

with AVn =VDB(t)-Vibn. 
During time t2, with potential dbp having come back 

to a low level so as to allow the input of a new sequence 
into register A, potential dbR passes to a low level. Si 
multaneously, the transistor TR is disabled isolating 
capacitor C2 from capacitor C1, whereas gate GR 
passes to a low potential isolating the channel under 
gate Go from drain DR. 
Then, simultaneously or not, the potentials dL and 

drpass to the high level. Gate GL defines a chargeless 
channel potential corresponding to the reference poten 
tial Vibn and gate GTallows charges to pass from capaci 
tor C2 to the corresponding stage GB of the output 
register B. For that, the high level potentials under GL, 
GO, CT and GB must be such that 

Webn=dbLs <VOS-gdTS-Cdb2BS 

VOS, dL, db TS, bBS being the chargeless channel poten 
tials under gates GL, Go, GT and GB. 
The charges stored on the electrode of capacity C2, 

are transferred to the CCD channel of register B as 
shown in FIG. 6c. 
The charges transferred to register B correspond to 

the equation 

During time t3, the potential db Tapplied to gate GT 
passes to the low level isolating the output register B 
from the passage gate Go. 
Then, potential dR passes to the high level simulta 

neously interconnecting the two capacitors C1 and C2 
and bringing the channel under gate GR to a high level 
so as to interconnect the capacitors with the charge 
removal drain DR. 

In fact, since the high level potentials under GR, Go 
and GL are chosen so that 

Webn= db LS4 WoS-CdbRS 
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a charge amount present under capacitor C1" is dis 
charged to drain DR as shown in FIG. 6d. This charge 
amount corresponds to 

QEn=VDB(t)- Van)Cl." (3) 

When this charge is removed, the potential of capaci 
tors C1n and C2n is defined by the potential of the 
chargeless channel Vibn undergate GL so that 

Webn= Lhigh-VTh 

This reference potential Vb is a function of the 
threshold VT of the induced MOS with gate GLn. 

In fact, a dispersion of the thresholds VT between 
stages in does not modify the charge ratio QLn/Xn Onn. 

In fact, for the same stage, Vibn is the same at times t2 
and t3, for it is defined by the same induced MOS with 
gate GL. 

Starting from the equations (1), (2), and (3), we have: 

QEn= (VD-Vibn)C1' 

The charge removed to the output register is then 

with 

Cn 
C -- C 

The charge eliminated by drain DR is therefore: 

During time t, the potential db L passes to the low 
level, separating capacitors C1" and C2 from the rout 
ing system. As shown in FIG. 6e, the potential of capac 
itors C1 and C2 is at Vb. The system is ready to per 
form the following integration, 

Furthermore, the heat charges generated under the 
passage gate GO are discharged to drain DR during the 
whole time of integration of the charges on C1 and C2 
since dR remains at the high level. 
With the above described integrator, the time for 

splitting up and transferring the charges to the output 
register may be relatively long with respect to the input 
sampling period. It may last for the whole time of an 
input sequence. 

Similarly, as already mentioned with reference to 
FIG. 4, the output sampling frequency may be M times 
smaller than that at the input with M=number of inte 
grated sequences. 

In addition, the integrator may have a high integra 
tion time, for the heat generation at the integration sites 
is small and due solely to the leak current of diodes DA 
and DB. 

It is also possible to connect several integrators of the 
above type in parallel together with multiplexing at the 
inputs and outputs. That allows the maximum operating 
frequency to be multiplied by p(p22), while multiply 
ing by p the number of resolution points of each se 
quence. 

It is obvious for a man skilled in the art that numerous 
modifications may be made to the above described inte 
grators without departing from the scope and spirit of 
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8 
the present invention. For example, the CCD registers 
may have four control phases and not two. 
What is claimed is: 
1. A non-recursive analog integrator for M integra 

tions of a sampled analog signal including M repetitive 
sequences each of N samples in the form of charge 
packets comprising a serial-input parallel-output input 
demultiplexer having N outputs, and an input supplied 
with the signal, N capacitor storage means each includ 
ing an electrode connected to have a floating potential 
with respect to a reference potential, and a parallel 
input serial-output multiplexer having N inputs and an 
output, the capacitor storage means being connected in 
parallel with a separate capacitor storage means con 
nected to each output of the demultiplexer and the 
respective input of the multiplexer, each capacitor stor 
age means performing at successive integrations a sum 
mation of the charge packets of a sample of correpond 
ing rank of the signal so that at the end of the Mintegra 
tions an integrated analog signal is available at the out 
put of the multiplexer. 

2. The integrator of claim 1 wherein the input demul 
tiplexer is a charge-transfer device with a serial input 
connected to voltage-charge conversion means and N 
outputs each of which is connected to the input of its 
separate capacitor storage means by switching means 
which are periodically closed after each sequence has 
been inputted. 

3. The integrator of claim 2 wherein the output multi 
plexer is a charge-transfer device having N parallel 
inputs and a serial output and each input is connected to 
the output of its separate capacitor storage means by 
switching means which are periodically closed after M 
sequences of integrations. 

4. The integrator of claim 1 wherein the multiplexer 
is formed by a plurality of analog gates connected re 
spectively between each capacitor and a reading stage, 
said gates being controlled by timing impulses. 

5. The integrator of claim 1 in which each capacitor 
storage means includes a pair of MOS capacitor por 
tions interconnected by way of an MOS transistor. 

6. The integrator of claim 5 in which each capacitor 
storage means further includes a diode which is con 
nected between the second capacitor and the input of 
the multiplexer. 

7. The integrator of claim 6 in which a routing means 
is connected between the diode and the input of the 
multiplexer. 

8. The integrator of claim 7 which further includes a 
discharge drain connected to the routing means and the 
routing means is adapted to send the output of the ca 
pacitor storage means selectively either to the discharge 
drain or to the input of the multiplexer. 

9. The integrator of claim 8 wherein said routing 
means is separated from the output of the diode by first 
gating, means from the input to the discharge drain by 
second gating means, and from the input to the multi 
plexer by third gating means, the potentials of each of 
said gating means being controllable. 

10. The integrator of claim 9 wherein the routing 
means comprises a gating means maintained at a fixed 
potential. 

11. The integrator of claim 10 in which the potential 
of the first gating means is periodically brought to the 
reference potential associated with the electrode of 
each electrode. 

12. The integrator of claim 1 wherein the multiplexer 
is a charge transfer shift register having a first transfer 
frequency FA and the demultiplexer is a charge transfer 
shift register having a second lower transfer frequency 
FB, and FB2(1/M) FA. 

k . 


